MUSK THISTLE was probably introduced into the United States from Europe. First recorded in the US. in 1853 at Harrisburg, Pa. (Stuckey and Forsyth 1971) , it has since become an important weed in pastures and rangelands in the U. S. and Canada, with the largest and most severe infestations in the Appalachian and midwest regions (Dunn 1976) . When established in pastures, the weed competes with desirable plants and limits the use of these areas by livestock or for recreational purposes because of spines on the leaves, stalks, and blooms (Dunn 1976) .
There is some taxonomic confusion in the genus Carduus in North America. Musk thistle is probably C. nutans subsp. leiophyllus (Petrovich) Stoj. and Stef., and C. n. subsp. macrocephalus (Desf.) Nyman (see McGregor 1986) .
The first attempt at biological control of musk thistle used Rhinocyllus conicus Froelich, an introduced weevil that oviposits on the bracts of thistle heads and whose larvae feed in the receptacle, destroying the seeds. In 1969 this weevil was released in Montana (Rees 1977) and Virginia (Surles et al. 1974) ; it is now well established in several states in the US. (Trumble and Kok 1982) . A second weevil, Trichosirocalus horridus (Panzer), whose larvae damage thistle rosettes, was released in the US. in 1974, and Kok and Trumble (1979) confirmed its establishment in Virginia.
In spite of these successful introductions, musk thistle is still an important pest, and other natural enemies are needed to occupy the unexploited niches and stress the weed even more.
A third natural enemy of Carduus nutans and C. pycnocephalus L. in most of Europe is a phytophagous syrphid fly, Cheilosia corydon (Harris) (=grossa Fallen). I The best English description of the adults of C. corydon (as gross a ) was provided by Verrall (1901) ; the larvae and pupa ria were described by Dusek and Laska (1962) . The fly is widely distributed throughout Europe (Rondani 1857 , Becker 1894 , Seguy 1961 , van Leeuwen 1983 , and we have new records from Yugoslavia, Bulgaria, and Turkey. Despite its wide distribution, no literature records C. corydon as a pest of cultivated plants ( Anonymous 1913 -73, Della Beffa 1961 , Balachowsky 1963 . This encouraged us to conduct life history and host specificity studies of C. corydon at the Biological Control of Weeds Laboratory, Rome, Italy, from 1980 to 1984 Cheilosia spp. Associated with Thistles Smith (1979) reports that the genus Cheilosia Meigen contains about 130 Palearctic species, while F. C. Thompson (personal communication) indicates this number to be much higher. Immature stages of only a few of these species have been described. Many of the larvae are phytophagous, feeding on fungi or in stems of angiosperm plants, often Compositae. Seguy (1961) , Smith (1979) , and Batra et al. (1981) Infested shoots were dissected on Mondays, W ednesda ys, and Fridays. Each dissected shoot was replaced with a fresh one, and the larva was placed inside a fresh shoot after its molts were recorded. After a larva became third instar, food was replaced weekly until pupation.
Larval Survival Tests (Laboratory). Field-collected eggs were transferred to 40 plant species in 6 families (Table 1) . Plants were selected because they were 1) closely related to the target weed; 2) hosts of congeneric species of Cheilosia corydon;
3) crops in the same family as the target weed; 4) American biotypes of the target weed; and 5) native U.S. plants related to the target weed, including Cirsium crassicaule (Greene) Jeps., an endangered species.
Italian plants used in this experiment were grown in a laboratory greenhouse like cultivated and native U.S. plant species or were transplanted from the field as young plants. Plants used in the test were all large enough (rosette diameter, 21-41 cm) to support one or more larvae to pupation. The plants were kept in an outdoor insectary during the test and grown in garden soil in 22-cm diameter terra-cotta pots placed on plastic saucers and watered from below so eggs placed on the plants would not be disturbed. Each species tested was replicated five times (one plant per one replicate) and each replicate was infested with five eggs. Chorions of all hatched eggs were recovered to quantify the percentage of eclosion.
The larval survival test began on 6 April 1982 and ended 2 mo later, when all the plants were dissected. A similar test in 1984 used the same technique, testing U.S. biotypes of musk thistle and other Carduus species.
Oviposition Preference (Field). Two field tests were conducted to ascertain the oviposition preference of Cheilosia when given a choice between their natural hosts and U.S. Cirsium species. In designing these open-field oviposition tests, we wanted to increase the probability that the test plants would be visited by ovipositing flies. 
Gladiolus communis L. Test A was designed to encourage ovipositing Cheilosia to lay eggs on various potted Cirsium species placed in the ground near musk thistle plants growing naturally in the area. Later, after finding eggs on the natural host (musk thistle), we started Test B by removing the natural host and leaving only Cirsium test plants, thus avoiding any influence of naturally occurring musk thistle on the host selection and oviposition on test plants.
Test A. A 500-m2 plot (20 by 25 m) at Castelporziano in an area with a known C. corydon population was chosen. Each naturally growing musk thistle plant in the plot (n = U5) was numbered and indicated on a plot map (Fig. 1) . From these, 24 were randomly selected as "attraction plants. (Table 2) , to determine if the behavior of the fly had been influenced by unusually large or small rosettes. A potted U.S. Cirsium test plant and a potted C. macrocephalus control were randomly assigned to each attraction plant; i.e., a naturally occurring C. macrocephalus was left in place in the field. Locations of the test and control plants in relation to the attraction plant were randomly selected from one of four predetermined positions (Fig. 2) . Plants were placed in a triangle pattern with 30 cm between the extremities of the peripheral leaves of each rosette. Every 2 d all plants were carefully examined and any eggs found were removed after recording their number and position, except on the last examination (13 April). Test plants and controls were exposed to flies during the peak oviposition period, 29 March to 13 April 1982. After exposure, all plants were removed from the field plot, transferred to the laboratory garden, left undisturbed in pots for 2 mo, then dissected to check the presence and growth of C. corydon larvae.
Test B. On 29 March 1982 a 288-m Z plot (12 by 24 m) was set up 50 m from the Test A plot. The plot was divided into 32 sub-plots each 9 m 2 (3 by 3 m). A potted test or control plant was randomly assigned to, and placed in the center of each subplot, and the pot was buried with the top at ground level. Four potted plants (four replicates) of each of seven u.s. Cirsium species were the test plants and four replicates of a musk thistle control were used. The musk thistles (attraction plants) naturally growing in the sub-plots (n = 75) were mapped and left in situ to be examined for eggs to ascertain that the area had been visited by C. corydon adults. Some eggs were found on attraction plants, so all naturally growing musk thistle plants were removed. Every 2 d during the exposure period, test plants and controls were examined and eggs were counted, recorded, and removed. After 15 d exposure, on 13 April, test and control plants were transferred from the field to the laboratory garden and left undisturbed until dissected 2 mo later to check for larval survival. This test was repeated in 1984 using only Cirsium crassicaule plants (n = 15) to increase its exposure to the ovipositing flies.
Dissection of Naturally Occurring Weedy Thistles (Field). To determine the natural host range of C. corydon, we dissected 50 or 100 plants of each of several thistle species growing in a mixed population with infested musk thistle at Castelporziano (elevation, sea level), In addition, 100 plants of each of several thistle species growing intermixed with C. corydon-infested musk thistle in Sila, Calabria (elevation, 1,300 m), were dissected on the site. Larvae found in both dissections were preserved in 70% ethyl alcohol for later identification, and herbarium sheets of thistles at both sites were prepared for later confirmation of their identity.
Voucher specimens of C. corydon from Castelporziano have been deposited in U. In 1981, the first eggs (n = 2) were found on 10 March, and peak oviposition occurred around 24 March, with a mean of 5.9 ± 7.9 (x ± SD) eggs per infested plant (range, 1-60); 64% of the plants had eggs. The last egg was found 2 April. In 1982, the first eggs (n = 8) were found on 26 March; peak oviposition occurred about 10 April, with a mean of 3.92 ± 3.93 eggs (range, 1-20) per infested plant. Sixty percent of the plants had eggs and the oviposition cycle ended on 19 April.
Eggs were laid on the young, hirsutulous leaves and young shoots, usually at the center of the plant. The tangled leaves and shoots appear to protect the eggs from parasites, predators, exposure to the sun, and provide a humid niche which prevents Carduus pycnocephalus L. (1-7)
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Carlin a acaulis L. desiccation. Eggs were usually laid singly but could also be found in groups of three or four. When freshly deposited, the egg is elongate (l.2 ± 0.04 by 0.48 ± 0.02 mm; n = 30), whitish but becoming darker with age. At outdoor temperatures, the eggs required 6.4 ± 0.7 d (n = 85) to hatch. There were three instars. Out-of-doors, the larvae needed 11.20 ± 0.6 d to reach the second instar and 6.7 ± l.3 d to reach third instar, which fed until November, then pupated.
In nature, newly hatched larvae mine directly into tender, young shoots. As the shoots grow, the second and third instars, often more than one, enter the stem and mine up and down; then in late April and early May they tunnel downward into the more compact tissue, working toward the root.
Of 20 musk thistle plants at Castelporziano chosen at random and dissected on 29 April 1981, 13 (65%) contained 3.7 ± 4.4 (range, 1-29) Cheilosia larvae. The mean number of shoots per plant was 6.9 ± 3.9, and the mean number of infested shoots per plant was 3.08 ± 3.8.
During summer, when the plant senesces, larvae have already reached the crown and root, where they remain quiescent until fall rains begin. Damage caused by larval feeding is clearly evident; many infested stems are broken and prematurely dried, often with the immature inflorescence attached. Stresses on infested plants include interruption of the moisture and nutrient transport system, loss of infloresences (hence lower seed production), and the opening of lesions on the root allowing introduction of soil microorganisms. When more than one larva reaches the root, the plant often dies.
Larval Starvation. In this test, the host range of 
Discussion
Of the phases of host-plant selection by an insect, oviposition (acceptance) is unquestionably the key step. When host acceptance is frustrated by tests in cages which may confound the ability of females to recognize the host, or bypassed by manually placing neonate larvae on nonhost test plants, many such plants may be suitable because they are not toxic to the larvae and have the required nutrients (much like a meridic diet) for larval growth and maturation.
Cirsium crassicaule is a marginally suitable laboratory host of C. corydon. Two of 25 neonate larvae lived to the third stadium when transferred to C. crassicaule. In an open-field oviposition experiment, in an area with a high C. corydon population and using replicated, randomized plantings of North American Cirsium spp. (including crassicaule), oviposition occurred only on the Carduus macrocephalus control plants. Boldt (1978) field-collected larvae directly into the test plants does not give a true picture of the insects' host range, which is limited by selective oviposition.
The introduction of any exotic organism into a new environment may present some risk. However, C. corydon presents less risk to native thistles in North America than the two weevils Rhinocyllus conicus (Froelich) and Trichosirocalus horridus (Panzer) already introduced. Prior to their introduction both species were recorded from various European thistles, including Cirsium spp. (Batra et al. 1981) .
From the information now available we feel that C. corydon could be an effective biological control agent if introduced, because:
1) The fly has a limited host range.
2) The insect, feeding in both stems and roots, is a highly effective natural enemy of its host plants.
3) It will not compete with the weevils Rhinocyllus conicus and Trichosirocalus horridus, because it feeds on a different part of the plant. 4) The combined damage by several natural enemies at different times will stress the weeds over a longer period, resulting in loss of competitiveness and greater host plant mortality. 5) The insect will also be useful against two other weeds of economic importance in the United
States (Dunn 1976 )-Italian thistle (Carduus pycnocephalus ), and plumeless thistle (Carduus acanthoides ).
Also, because the fly is common in Europe in a range of climates similar to those where U.S. Carduus spp. infestations are found, there should be minimal difficulty in establishing the fly in North America. In addition to the obvious damage caused to the host plant by the fly, it earned a score of 30 when its potential effectiveness was evaluated by the Harris (1973) system. This high score reinforced our judgement that C. corydon would be an effective biological control agent if it is introduced.
